Sn NMR resulting data suggest that a dynamic process has taken place in solution, leading to a structural rearrangement by auto-association. In addition, the GPC technique has revealed in DMF higher values of weight-average molar mass in comparison to that established by the elemental analysis. However, the molar mass obtained for those compounds does not correspond to polymeric materials, as confirmed by DSC analysis.
INTRODUCTION
Schiff bases constitute an appealing class of organic compounds to work within the coordination chemistry field /l, 2/. Those materials have been known for more than one hundred years and have an enormous range of applications /3/. The interest of inorganic chemists in this class of compounds is in connection to technological development concerning the usefulness of metal-Schiff base complexes. The expectation of that is unquestionable. For instance, complexes have already been applied in asymmetric catalysis /4/, non-linear optics /5/ as well as in the biological field /6, 7/ presenting a variety of biological activity. This research field has been growing in recent decades. The presence of the metal seems to play an * Author to whom correspondence should be addressed. E-mail: jrsmaia@ufv.br 2
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important role in the activity of these compounds. To illustrate that, di-and trialkylorganotin(IV) derivatives of Schiff bases /8/ has markedly increased the activity against Bacillus subtilis and Staphylococcus aureus.
The biological activity of N, N'-bis-(2-pyridylmethylene)-ethane-l, 2-diamine (known as pade = pmed) has been acknowledge against the green alga Chlorella 191. In this case, the pmed and its first-row transition metal complexes have shown to be less toxic than the corresponding metal chlorides. Concerning the coordination chemistry, pmed is an interesting ligand due to its polydentate character. A tetradentate coordination mode for this ligand as well as an octahedral geometry for the metal centre has been characterised in Ru(II) and lanthanide(III) derivatives /10, 11/. The literature also provides examples of hexacoordinated Cr(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) 191. A tetradentate coordination is not an unusual pattern, as it has been revealed by X-ray crystallography studies for first-row transition metals and SnßuCl 3 Schiff base complexes /12, 13/. Particularly in the Ru(II) derivatives of pmed, the X-ray diffraction shows the metal centre bound to the azomethine and pyridyl moiety resulting in three chelate rings /ll/. In this compound all 4-nitrogen atoms are in trans position to the Ru(II) ion. However, the coordination chemistry involving pmed with tri-, di-and phenylorganotin(IV) chlorides as well as tin(IV) tetrachloride has not been investigated so far. Consequently, several coordination modes of pmed are conceivable towards the tin(IV) precursors as shown in Scheme 1.
•ir.
•vjT) Following our interest in organotin coordination chemistry, in the present work we report the synthesis and characterisation of a series of tin(IV) derivatives of pmed. These compounds were prepared in a 2:1 Sn NMR spectroscopy, thermoanalysis (TG), differential scanning calorimetry (DSC), gel permeation chromatography (GPC) and microanalysis.
MATERIALS AND METHODS

Materials and methods
Experiments of 'H and n C{'H} NMR spectra were obtained using a Varian Mercury-300 and ng Sn{'H} NMR using a Bruker DPX-400 spectrometer equipped with an 89 mm wide-bore magnet. The °C NMR shifts are reported relative to SiMe 4 and
119
Sn NMR shifts to SnMe 4 as internal standards (δ = 0). Infrared spectra were recorded on a Perkin Elmer Spectrum 1000 grating spectrometer, using Nujol suspension between Csl windows scanning from 4000 to 200 cm"'. Thermogravimetry analysis (TG) was carried out using a TGA-50 Shimadzu at a heating rate of 10 °C min' 1 in air with a rate flow of 30 ml min" 1 from room temperature to 750 °C. The differential scanning calorimetry (DSC) analysis was performed employing a DSC-50 Shimadzu at a heating rate of 10 °C min" 1 from room temperature to 400 °C. Gel permeation chromatography (GPC) data were obtained by a GPC803D-GPC802D 2 χ 300 χ 8 mm column in dimethylformamide (DMF) by means of a Shimadzu device. The microanalysis was carried out in a Perkin
Elmer 2400 CHN analyzer. Vacuum techniques, nitrogen atmosphere, and Schlenk glassware was used throughout the experimental work for the preparation of the tin(IV) derivatives. The organotin reactants were purchased from Aldrich.
Preparation of the Schiff base
The preparation of pmed was carried out in a 2:1 molar ratio between 2-pyridine-carboxaldehyde and ethylenediamine in ethanol as described in the literature /10,11/. 
N, N'-bis-(2-pyridylmethylene)-ethane-l, 2-diamine (pmed):
[Sn&iPh/pmed)] (2):
The procedure was similar to that described in 2. (46, broad), -510.1 (31), -519.5 (37).
[SnfiUpmed)] (4);
The procedure was identical as in 2. ?
RESULTS AND DISCUSSION
The pmed was soluble in methanol, dichloromethane as well as in several other organic solvents. The tin(IV) derivatives were not as soluble as the free ligand in organic solvents. All derivatives were soluble in dimethylsulfoxide (DMSO) and dimethylformamide (DMF). Complex 1 was an exception, which presented satisfactory solubility in common organic solvents as well. First-row transiWon metals derivatives of pmed have also shown an appreciable solubility in DMF /9/. Although the reactions were carried out in a 2:1 molar ratio (M:L), complex 1 is an equimolar product according to the elemental analysis.
Infrared spectroscopy
The absorptions related to the C=N bond of azomethine and pyridine moiety of pmed upon coordination were of strong to medium intensity. The infrared spectra of those tin(IV) derivatives have exhibited an interesting pattern of bonding formation relative to the azomethine fragment. Complexes 1 and 2 have revealed a shift towards high frequency up to 5 cm" 
NMR spectroscopy
The "H NMR spectra of those compounds have shown a typical range of hydrogen resonance for the phenyl and pyridyl moiety. The methylene group displayed a singlet for all compounds, which is evidence of No significant chemical shift related to the pyridyl moiety was observed in the l3 C NMR spectrum of complex 1. This fact corroborates the metal-ligand bond formation through the azomethine moiety preferably, as pointed out by the 'H NMR datum. In 2, 3, and 4, however, the carbon atoms related to the pyridyl part has shifted in the range of δ 0.9 to 1.8. This is evidence that the metal at least is still bound to this moiety in solution. For 1, 2, and 4 the methylene has exhibited a singlet, indicative of carbon atoms magnetically equivalent. In the latter two, the methylene has shifted to lower values within the average of δ 4.9. This is in contrast to 1, in which the methylene resonating signal is comparable to the free ligand. In 3 two signals have been assigned to the methylene group, at δ 55.6 and 61. isotopomers (isomers of isotopes). Unfortunately the signal-to-noise was not high enough to allow the determination of any possible J( U9 Sn-" 7 Sn) coupling constant. It seems reasonable that those intense lines belong to the same species, which is in agreement with the proposed structure of 3 in Figure 1 . Each peak of the doublet could be due to the phenyl group in axial or equatorial position towards the appropriate metal centre. In addition, rotation along the methylene C-C bond might cause a slight difference in the magnetic environment of both tin atoms in Figure 1 , justifying the doublet. Assuming that both tin atoms are coupled, the magnitude of the coupling constant relative to the doublet itself agrees with a long-range coupling of 7(' 1<J Snu<J Sn) = 219.3 Hz /30/. Coupling constants across nitrogen within the same magnitude has been reported for trimethylstannylhydrazines /31/. The latter corroborates the formation of 3 as shown in Figure 1 .
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In addition, a broad signal, similar to that exhibited in the spectrum of 1, was also revealed in 3 at δ -499.6.
By analogy to the former, this broad peak suggests a dynamic process which is presumably due to other species. Hence, the spectrum of 3 is most likely a result of a mixture of compounds in solution.
4· R α 4" u α 
Thermal analysis (DSC, TG) and gel permeation chromatography (GPC)
Thermogravimetry analysis (TG) was employed herein in order to gain information on the amount of hydrated water in those complexes. In all cases, the loss of weight is in agreement with the elemental analysis. The thermal analysis (TG) carried out in 2, 3, and 4 has shown loss of weight in three steps mainly.
In 4 another step around 65 °C has shown a loss of 3.2 % in mass, which is associated to humidity. No evidence for hydration water has been observed for those compounds. They started losing weight at around 180°C. The first and second step in 2 and 3 occurred in the region of 165 and 305 °C respectively. These steps are correlated to loss of pmed and phenyl groups. However, the first two steps in 4 were not well- 
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DSC technique. Endothermic and exothermic events have been simultaneously observed for all three compounds above, which are in agreement with the decomposition point previously established. The GPC analysis has revealed a weight-average molar mass for 1, 2, 3, and 4 in the range of 1451 to 2478 g/mol.
Although these values are far from those worked out by the elemental analysis, they corroborate autoassociation in solution but not polymer formation. In this context, these are certainly not polymeric materials, either in solution or in solid state. Nevertheless, the molar mass distribution in 2 and 4 has shown a second less intense peak (2.5% and 8.0%) with weight-average molar mass of 74791 and 51286 g/mol respectively.
The polydispersity (M w /M m ) values of those were of 1.1 and 1.2 corroborating, a small amount of polymerisation in DMF.
CONCLUSION
The resulting data points out a structural rearrangement of the tin(IV)-pmed compounds by autoassociation in solution leading most likely to an equilibrium mixture of compounds. As shown by " y Sn NMR, the number of signals increases as the number of chloride ions are replaced by the phenyl groups in the series SnCl"Ph 4 . x , (x = 1, 2, 3, 4). Presumably both the acid character of the metal precursor and steric hindrance are particularly significant concerning the auto-association in those materials. However, the participation of the solvent is still questionable.
